Vaccinia virus replication was studied in pig kidney (29), and a double treatment with 7.5 mm thymidine (10). For the single treatment, the growth medium of 3-day-old Leighton tube cultures of PK-15 cells was replaced by MEM containing 2 mm excess thymidine. The cultures were incubated for 24 hr at 36 C, washed three times, fed with prewarmed normal medium, and returned to 36 C. Cover slips were removed at 2-hr intervals, fixed in absolute methanol, and stained with MayGrunwald-Giemsa. The degree of synchronization was ascertained from the mitotic index (defined as mitotic cells per 100 cells) and increase in cell number after release from the thymidine blockade. Double treatment of the cells with 7.5 mm thymidine was performed in a similar manner, except that cultures were first treated with excess thymidine for 24 hr, then washed and incubated in normal medium for 18 hr. Excess thymidine was again added for 24 hr, after which time the cultures were washed and treated as those synchronized with 2 mm thymidine.
technique of Postlethwaite (22) , had a titer of 5.1 X 106 plaque-forming units (PFU) per ml.
Synchroniizationi of cells. Two synchronizing procedures with excess thymidine (Nutritional Biochemicals Corp., Cleveland, Ohio) were used: a single treatment with 2 mm thymidine (29) , and a double treatment with 7.5 mm thymidine (10) . For the single treatment, the growth medium of 3-day-old Leighton tube cultures of PK-15 cells was replaced by MEM containing 2 mm excess thymidine. The cultures were incubated for 24 hr at 36 C, washed three times, fed with prewarmed normal medium, and returned to 36 C. Cover slips were removed at 2-hr intervals, fixed in absolute methanol, and stained with MayGrunwald-Giemsa. The degree of synchronization was ascertained from the mitotic index (defined as mitotic cells per 100 cells) and increase in cell number after release from the thymidine blockade.
Double treatment of the cells with 7.5 mm thymidine was performed in a similar manner, except that cultures were first treated with excess thymidine for 24 hr, then washed and incubated in normal medium for 18 hr. Excess thymidine was again added for 24 hr, after which time the cultures were washed and treated as those synchronized with 2 mm thymidine.
For determination of the mitotic index, 1,000 cells were examined on each of two cover slips for each time interval. The following morphological criteria were used: (i) prophase cells were those showing recognizable condensation of chromosomes, no apparent order of chromosomes, and easily recognizable nuclear contours; (ii) in metaphase cells, an alignment of chromosomes had occurred; (iii) mitotic figures in which a separation into daughter nuclei was recognizable were anaphase; (iv) in telophase cells, separation into daughter cells was more pronounced than above, and constriction of the cytoplasm had occurred.
Cell density was ascertained by use of an ocular grid, counting all cells in a total of 36 fields (I mm2) on each of two cover slips.
The following notations, first used by Howard and Pelc (13) , for the major metabolic intervals of the cell life cycle will be used throughout this presentation: (DNA) synthesis; (ii) S is the period of DNA synthesis; (iii) G2 is the period following DNA synthesis and preceding mitosis; (iv) M is mitosis.
Bootsma and co-workers (4), using tritiated thymidine, have shown that 80 to 90% of the cells are in the S phase between 1.5 and 3 hr after thymidine removal. From Fig. 1 
RESULTS
Synchronization of PK-15 cells. The effect of 2 mm excess thymidine treatment on the mitotic index and on cell number is shown in Fig. 1 . At the time of removal of the thymidine blockade, the cell population of thymidine-treated cultures was about one-half that of untreated cultures. Within 2 to 4 hr after removal of thymidine, a burst of mitotic activity began, which reached a peak at 6 to 8 hr. After this time, the cell population nearly doubled in the synchronized cultures. Cultures treated with thymidine throughout the experimental period showed only a small increase in cell population and had lower mitotic indices than those observed with control cells. In photographs of control and treated cells fixed and stained 8 hr after medium replacement ( Fig. 2  and 3 ), the smaller cell number and increased mitotic activity in a synchronized culture are evident.
Inclusion body formation and inhibition of mitosis in thymidine-treated and control cells. The increase in the number of cells bearing inclusion bodies and the inhibition of mitosis in vacciniainfected cells is shown in Fig. 4 . Cultures were inoculated both at the time of thymidine removal ( Fig. 4c ) and 6 hr afterwards (Fig. 4d) . Since virus adsorption occurs over a period of 1 to 2 hr, initiation of infection and virus synthesis were studied during the S + G2 and M + G1 phases, respectively. Inclusion body formation in both instances did not differ from control cultures (Fig. 4a, b) . Inhibition of mitosis occurred in all cases. DNA inclusion bodies were seen only in interphase and prophase cells ( Fig. 5 and 6 Another experiment confirmed and extended the above observations. Cultures were treated twice with 7.5 mm excess thymidine and were inoculated with vaccinia either 2 hr before or 2 hr after the removal of thymidine. Figure 8 shows that the slope of the curve representing cells in mitosis was not as steep, and the peak mitotic activity occurred later than in the previous experiment, when 2 mm excess thymidine was used. Despite these differences, the reasons for which are obscure, certain similarities are seen in the infectivity titrations (Fig. 7a, b) (Fig. 7b) , although this increase was not as marked as with 2 mm thymidine. When cells were inoculated 2 hr after excess thymidine removal, the latent period was extended over the time that the majority of the cells were in mitosis (Fig. £a) .
Virus titers in 7.5 mm thymidine-treated cells at 24 hr PI were lower in the synchronized cultures than in control cells. This was probably a reflection of the deleterious effects of high concentrations of thymidine upon PK-15 cells. In contrast with the experiment where 2 mm excess thymidine was used, virus replication was almost completely inhibited in the presence of 7.5 mm of excess thymidine.
Inoculation of the cultures with virus just prior to the time the majority of the cells were entering mitosis (Fig. 8a) resulted in less depression of mitosis than inoculation when the majority of the cells were in the S phase (Fig. 8b) . DISCUSSION It has been established that the accumulation of virus components and infective virus particles results in inclusion body formation in vacciniainfected cells (3, 8, 9, 12, IF, 21) . In this study, inclusion body formaton was used to show cellular susceptibility to virus infection and as evidence of virus DNA synthesis.
Inclusion bodies were seen in the cytoplasm of cells in interphase and through late prophase, prior to the disappearance of the nuclear membrane. Metaphase through telophase cells were always devoid of DNA inclusions, reflecting the absence of DNA synthesis in these cells. This finding is in agreement with the work of Marcus and Robbins (20) , who reported that metaphasearrest cells infected with vaccinia are hemadsorption-negative. Furthermore, when cultures were inoculated either before the mitotic peak, when the majority of the nondividing cells were in the S or the G2 phase, or at the mitotic peak, when the majority of the nondividing cells were in the GI phase, the rate of inclusion body formation did not differ from that of cultures inoculated when the cells were at random stages of growth. This suggests that cells are capable of supporting virus replication in all stages of the life cycle through late prophase, and leaves open the problem of asynchrony of infection (5) .
The results obtained in these experiments confirm those of Kit and Dubbs (17) , who demonstrated an early and rapid depression of mitosis by vaccinia. Additionally, synchronized cell populations inoculated before the release from the thymidine blockade showed a greater depression of mitosis than cultures inoculated after release, a finding similar to that obtained by Tobey, Petersen, and Anderson (28), who found that Mengo virus added to premitotic cells precludes cell division, whereas cells in mitosis at the time of infection continue to divide. This, coupled with the observation of cells arrested in prophase by vaccinia, indicates that vaccinia can block the cellular biosynthetic activities leading to cell division at any stage of the life cycle prior to disruption of the nuclear membrane. Since it has been shown that vaccinia infection leads to inhibition of protein synthesis (26) , it may also be inferred that one of the last proteins required for cell division, possibly that involved with dissolution of the nuclear membrane, is synthesized at this time. This gives morphological evidence to support the observations of Taylor (27) , who noted that the ribonucleic acid (RNA) synthesis necessary for mitosis is completed about 3 hr before the beginning of prophase, and the finding of Kishimoto and Lieberman (16) that blockage of protein synthesis by puromycin prevents entry into mitosis even of cells that have passed through most of the G2 phase.
An increased latent period of virus growth was observed when synchronized cultures were inoculated near the mitotic peak. This latent period was extended over the time when the majority of the cells were dividing, showing that, whereas initiation of infection does occur, vaccinia does not replicate in dividing cells. Since vaccinia causes mitotic arrest through late prophase, the dividing cells must have become infected after they reached late prophase.
The experiments of Joklik and Becker (15) and corroborative work of Dales (7) 
